Purpose In skeletally immature patients, treatment of malalignment about the knee is possible by performing temporary hemi-epiphyseodesis. Following the well-established procedure of physeal stapling, the 8-plate was introduced as a new device. The purpose of this study was to compare physeal stapling with 8-plate hemi-epiphyseodesis. We focused on evaluating deformity correction, complication rate and duration of the procedures. Methods We retrospectively analysed 35 patients (61 extremities, age 2.9-16.0 years) who were treated by temporary hemi-epiphyseodesis about the knee for correction of genu varum or genu valgum by using Blount staples (32 extremities) or the 8-plate (29 extremities). Plain radiographs were analysed at the time of operation and at hardware removal that included measurement of mechanical axis deviation, mechanical lateral distal femoral angle and mechanical medial proximal tibial angle. Time until hardware removal, operation time and complications were recorded. Results A statistically significant improvement of all radiographic measurements could be achieved with comparable results in both groups. Complications were similar in both groups with no relevant differences in amount and severity. In the 8-plate group, however, the surgical time was significantly shorter by an average of ten minutes for implantation and 12 minutes for explantation.
Introduction
Malalignment about the knee leads to a pathological mechanical load that may cause early osteoarthritis of the knee joint. Therefore, prophylactic surgical treatment may become necessary depending upon the degree of deformity [1] .
Corrective osteotomies are commonly performed in adult patients while skeletally immature patients may require less invasive surgical techniques such as permanent or temporary hemi-epiphyseodesis. Permanent hemi-epiphyseodesis relies on exact calculation of remaining growth and perfect timing of the surgical procedure [2] [3] [4] . Temporary epiphyseodesis is at least partially reversible and may be performed at an earlier age: once the hardware is removed there is a resumption of growth [5, 6] .
Temporary hemi-epiphyseodesis can be achieved by using physeal staples. However, several surgical complications such as hardware breakage or migration have been reported [7] [8] [9] [10] . A new device, which is an extraperiostal plate fixed by two non-locking screws, has been introduced recently that serves as a tension band plate restraining the physis [11] . This socalled 8-plate applies a tether only at the periphery of the physis. Thus, it is supposed to permit limited growth and to cause fewer complications than physeal stapling.
The aim of this study was to directly compare physeal stapling with 8-plate hemiepiphyseodesis in two study cohorts with malalignment of the knee joint. The focus of our study was to evaluate deformity correction, complication rate and duration of the procedures.
Patients and methods
We retrospectively analysed 35 patients who underwent hemi-epiphyseodesis with either 8-plate (eight-Plate®, Orthofix, McKinney, TX, USA) or Blount® stapling (Zimmer, Warsaw, IN, USA) for correction of genu valgum or genu varum deformity. Blount stapling was performed in the period 1999-2007 while 8-plate correction was done from 2007 to 2008. The hardware has been removed in all patients in this study. Indications for implant removal were: full deformity correction, closed physes and complications such as overcorrection or hardware migration. Inclusion criteria were an adequate follow-up with physical evaluation and radiographic assessment before implantation of either device and at the time of removal. Two patients (three extremities) were excluded due to missing X-rays. There was no subclassification undertaken for the underlying disease. In the 8-plate study group (group 1), 12 patients were diagnosed with idiopathic deformities, two patients suffered from multiple hereditary exostosis (MHE), one patient had achondroplasia, one had phosphate diabetes and another patient Blount's disease. Within the Blount stapling study group (group 2), 13 patients were diagnosed with idiopathic deformities, three patients suffered from MHE, one patient was diagnosed with Ehlers-Danlos syndrome and one patient manifested an unknown disturbance of the lateral femoral physis. For temporary hemi-epiphyseodesis, one 8-plate per physis was implanted in group 1 while three physeal staples per physis were implanted in group 2. According to radiographic deformity analysis and clinical impression, the devices were implanted across the femoral physis, tibial physis or both physes.
The mean age in group 1 (eight male and nine female patients, 33 extremities) was 11.6±3.8 years (range 2.9-16.0 years). Two patients (four extremities) needed hemiepiphyseodesis on the contralateral physis due to overcorrection after the first correction period. A total of 21 genu valgum and 12 genu varum knees were included. Depending on the location of their deformity, hemiepiphyseodesis was performed at the distal femoral epiphysis (n= 5), at the proximal tibia (n=4) and at both the distal femur as well as the proximal tibia (n=24).
The mean age in group 2 (11 male and seven female patients, 32 extremities) was 13.0±1.3 years (range 10.5-15.2 years). There were 27 valgus and five varus deformities. Based on the location of their deformity, hemi-epiphyseodesis was performed at the distal femoral epiphysis (n=7), at the proximal tibia (n=3) and at both the distal femur and the proximal tibia (n=22).
All radiographic measurements were performed by one well-trained orthopaedic surgeon (EMJ) on standardised standing anteroposterior (AP) radiographs of the entire lower extremity with adequate image quality. The radiographs were taken shortly before surgery and before hardware removal. Radiographic analyses included measurement of: mechanical axis deviation (MAD), mechanical lateral distal femoral angle (mLDFA) and mechanical medial proximal tibial angle (mMPTA) as described by Paley et al. [12] . A picture illustrating MAD, mLDFA and mMPTA is provided in Fig. 1 .
In addition, clinical data such as operating time (hardware implantation, hardware removal), duration until hardware removal and side effects were recorded.
Statistics
Statistical analysis included mean value and standard deviation (±) measurement. In order to identify a statistically significant difference we used Student's t test [independent samples for comparison of surgical time and correction per month between groups 1 and 2 and dependent samples for comparing degree of deformity by analysing radiographic parameters prior to and after treatment, each two-tailed test, 95% confidence interval (CI)]. For all measurements, a p value below 0.05 was considered to prove a statistically significant difference. Normal distribution was ensured in both groups. We used SPSS® software (Version 15.0, SPSS Institute, Chicago, IL, USA) for statistical analyses.
Ethical considerations
Our Institutional Ethics Committee does not require its approval or informed consent for the retrospective review of patients' records or images. Patients are informed that their charts and images might be reviewed for scientific purposes and they are granted the opportunity to forbid such use of their data. All patients included in our study agreed to the use of their data.
Results
Both groups revealed no statistically significant difference with respect to the degree of preoperative deformity or duration of temporary hemi-epiphyseodesis. On average the patients were younger in group 1 (11.6±3.8 years) (the youngest patient with an age of 2.9 years) compared to group 2 (13.0±1.3 years); however, this was not statistically significant (p=0.053).
In group 1, the preoperative MAD was 3.2±1.6 cm compared to 2.4 ± 2.0 cm in group 2. No statistical difference was noted (p=0.314). In group 1, the duration until hardware removal was 11.9±6.8 months (range 1.9-27.9 months) while in group 2 this period amounted to 11.0 ±6.2 months (range 4.5-28.1 months) without a statistically significant difference (p=0.555).
Both techniques showed statistically significant values for correction of all the radiographic parameters except for the mMPTA in genu varum cases in group 2 (n=5, p=0.493). Mean values and standard deviations before and after temporary hemiepiphyseodesis using either the 8-plate or the Blount stapling technique are provided in Table 1 .
When analysing the correction per month in terms of MAD, mLDFA and mMPTA, no statistically significant differences were noted between groups 1 and 2. The results are presented in Table 2 . The radiographs of a 13-year-old girl treated with bilateral 8-plates are shown in Fig. 2 .
Differences in surgical time were highly significant between both groups. They are shown in Table 3 . In group 1, two patients (four extremities) needed removal of the initial hardware and implantation of new 8-plates at the opposite physis due to overcorrection. In both cases, a full correction and regular alignment was obtained with the second procedure.
Another side effect noted in group 1 (one patient, one knee) was a major reduction of knee flexion (i.e. 30°) postoperatively requiring mobilisation of the joint under general anaesthesia. After mobilisation full range of motion was achieved. In group 2, one patient had wound healing problems requiring revision surgery and vacuum treatment. Furthermore, implant displacement was observed in one patient (two knees) in group 2 (Fig. 3) . Since it occurred just before fusion of the growth plates with sufficient correction of the deformity, no re-stapling was performed.
Discussion
Temporary hemi-epiphyseodesis for deformity correction using Blount staples is well established. However, there are common complications such as hardware breakage and migration when using this surgical method. The 8-plate procedure is an alternative method which is thought to exhibit less hardware failure and to be easier to apply. Since there is no database detailing the superiority of either method, we undertook this retrospective study to analyse time for implantation and explantation of the devices, correction potential and complication rates.
In this study, both techniques showed similar potential for correction. For group 2, however, we noted no statistically significant difference between preoperative and postoperative mMPTA values (p=0.493) in genu varum Fig. 1 Radiographic illustration showing the measurements for (A) mechanical axis deviation (MAD) and (B) mechanical lateral distal femoral angle (mLDFA) and mechanical medial proximal tibial angle (mMPTA). MAD is defined as the distance from a line connecting the midpoints of the hip and ankle joint to the midpoint of the knee joint. The mLDFA is the lateral angle between the connection of the midpoints of the hip and knee with the joint line (normal value 88°( 85-90°)). The mMPTA is the medial angle between a line connecting the midpoint of the knee and ankle and the knee joint line (normal value 87°(85-90°)) cases. One explanation could be the small number of genu varum deformities that were treated with the Blount stapling technique (n=5). The complication rate was similar in both groups, whereas the operating time for implantation and hardware removal of the 8-plate was significantly shorter. In our series, on average the 8-plate was implanted ten minutes faster and explanted 12 minutes faster than the Blount staples. This seems reasonable as only one plate compared to three staples need to be placed; a fact that may be relevant for both patient and surgeon and also for economic reasons.
There is only one study available in the current literature that has compared both techniques [13] . In this retrospective study with 38 patients (24 extremities treated with 8-plate and 39 with Blount staple temporary hemiepiphyseodesis), a statistically significant difference (p=0.04) was noted with regard to age, i.e. having younger patients treated with the 8-plate technique. The rate of correction over time as well as the time until hardware removal was similar in both groups. With regard to surgical complications, no difference between both groups could be observed; however, more complications were observed in patients with pathological physes compared to idiopathic cases (27.8 vs 6.7%, p=0.04).
In our study, no statistically significant difference was observed in terms of age at surgery (p=0.053). However, a trend to treating younger children with the 8-plate technique was noted that involved six patients (ten extremities) under the age of ten years. Staple epiphyseodesis is usually performed well before the anticipated physiological termination of growth and not recommended for children younger than ten years. Raab et al. observed in their study of 34 extremities treated with Blount staples a higher rate of loosening and displacement of the staples in children younger than eight years, which was statistically significant [14] . In contrast to this observation, however, Mielke and Stevens noted only one case of staple loosening on their study sample of 25 patients who underwent surgery at an average age of 6.3 years [9] . For both stapling and 8-plate procedure it is crucial not to damage the periosteum or physis while inserting the staples, 8-plates or screws.
As the 8-plate seems to allow treatment at an earlier age, axial deformities may be corrected in younger age groups. This would be of significant benefit since the children do not have to wait while the deformity potentially deteriorates causing further damage. However, the long-term outcome for younger children treated with 8-plate hemi-epiphyseodesis under the age of ten years needs to be investigated.
There is no data evaluating the effect on the physis after 8-plate treatment for more than two years. It is recommended that the Blount staples be removed after a maximum time of 24 months due to the risk of premature closure of the physis [11] . Any reduction of the risk potential using the 8-plate over a longer time for correction has to be proven in further studies. 
Both study groups involved patients who were older than 15 years. One female patient who suffered growth hormone deficiency due to a neuroblastoma of the hypophysis received 8-plate surgery at an age of 16.0 years. One male patient at the age of 15.2 years underwent Blount stapling surgery. In this case, the physes were still open due to skeletal immaturity, pointing toward the principle that indications for treatment should actually be based on the skeletal age rather than the calendar age of the patient. On the other hand, temporary hemi-epiphyseodesis can also be performed in cases where the estimated remaining growth is not sufficient to allow full correction as both procedures Fig. 3 Physeal staples implanted in a 14 years and 4 months old boy with idiopathic genu valgum (A). Eighteen months later, extrusion of the femoral staples occurred (B). As the physes were closed and almost full correction achieved, the implants were removed without further treatment [13] . This is similar to our study without any difference between both groups in the deformity correction per month analysing MAD, mLDFA and mMPTA. Precise timing for hardware removal is essential to prevent under-or overcorrection. In our study, one patient was noncompliant and missed his appointment for follow up; in the other case overcorrection occurred after a followup interval of three months due to a growth spurt. We recommend follow-up intervals of three months in all cases. If rapid growth such as in the prepubertal stage is expected, even shorter intervals are necessary, especially in cases where both femoral and tibial physes are addressed.
Another aspect to be aware of is the rebound effect after implant removal which is why slight overcorrection should be achieved [14, 17, 18] . This effect is also postulated for the 8-plate, even if no data exist in the current literature confirming this theory. Some authors recommend slight overcorrection also when treating with the 8-plate [11, 15] . Analysing rebound overgrowth or early physeal closure after 8-plate removal was not part of our study and must be addressed in prospective studies. For that reason, as long as the effect of rebound has not been investigated, we urge that these patients be closely followed up after hardware removal until complete cessation of growth.
In order to obtain adequate deformity correction via guided growth, a normal physis is desirable. On the other hand, we successfully treated one very young patient with Blount disease using the 8-plate. Nevertheless, there may be a different course of deformity correction over time that has to be considered. This is shown in previously conducted studies where hardware failure [19] or treatment failure [20] was noted only in patients with Blount disease.
In summary, both Blount stapling and the 8-plate technique are potential methods in the treatment of malalignment about the knee in skeletally immature patients. The time for implantation and explantation of the 8-plate was significantly shorter, which is relevant for both patients and surgeons and for economic reasons. Perfect timing for hardware removal is essential to prevent underor overcorrection. Ongoing studies being conducted to evaluate the long-term outcome after hemi-epiphyseodesis of younger children (under ten years) and to assess the correction curve in patients with abnormal physes will provide further valuable information about deformity correction via growth modulation.
